SCHOOL  OF 

CIVIL  ENGINEERING 

INDIANA 

DEPARTMENT  OF  TRANSPORTATION 


Joint  Highway  Research  Project 

Interim  Report  FHWA/JHRP/IN  92/1 

A  Sensitivity  Analysis  of 
the  Parameters  for  a  Cap 
Plasticity  Model 

Philippe  Bourdeau 
Wai-Fai  Chen 
C.  William  Lovell 
Scott  Ludlow 


I 


I 

: 
: 

i 
: 


^^  ^O, 


PURDUE 


UNIVERSITY 


Joint  Highway  Research  Project 

Interim  Report  FHWA/JHRP/IN  92/1 

A  Sensitivity  Analysis  of 
the  Parameters  for  a  Cap 
Plasticity  Model 

Philippe  Bourdeau 
Wai-Fai  Chen 
C.  William  Lovell 
Scott  Ludlow 


Interim  Report:  "A  Sensitivity  Analysis 
of  the  Parameters  for  a  Cap  Plasticity  Model" 

by 

Scott  J.  Ludlow 
Graduate  Research  Assistant 

Wai-Fah  Chen 
Professor  of  Civil  Engineering 

Philippe  L.  Bourdeau 
Assistant  Professor  of  Civil  Engineering 

and 

C.  William  Lovell 
Professor  of  Civil  Engineering 

Joint  Highway  Research  Project 

HPR  2031 

Project  No.:   C-36-36U 

File  No. :   6-14-21 


This  study  is  proposed  to  be  conducted  by 

the  Joint  Highway  Research  Project 

in  Cooperation  with 

the  Indiana  Department  of  Highways 

and  the 

U.S.  Department  of  Transportation 
Federal  Highway  Administration 


The  contents  of  this  report  reflect  the  views  of  the  authors  who 
are  responsible  for  the  facts  and  the  accuracy  of  the  data 
presented  herein. 

Purdue  University 
West  Lafayette,  Indiana  47907 

Date:   January  23,  1991 


Digitized  by  tine  Internet  Arciiive 

in  2011  witii  funding  from 

LYRASIS  members  and  Sloan  Foundation;  Indiana  Department  of  Transportation 


http://www.archive.org/details/sensitivityanalyOOIudl 


TABLE  OF  CONTENTS 


LIST  OF  TABLES  . 
LIST  OF  FIGURES 

APPENDIX  A  - 


APPENDIX  B 
APPENDIX  C 


A.l 
A. 2 
A. 3 
A. 4 
A. 5 
A. 6 
A. 7 


Page 
i 
i 


APPENDICES 


Case 
Case 
Case 
Case 
Case 
Case 
Case 


Computer  disk  with  input  data  files 
List  of  References 


Table 
1. 


LIST  OF  TABLES 


Summary  of  Sensitivity  Analysis  of  the  Cap 
Plasticity  Model  Parameters  


Page 


LIST  OF  FIGURES 
Figure 

A. 1.1     Case  1   -  Effect  of  Poisson's  Ratio  on 

the  Principal  Stress  Difference  and 

Excess  Pore  Pressure  vs.  Axial  Strain  ..   2 

A. 1.2     Case  1   -  Effect  of  Poisson's  Ratio  on 

the  Principal  Stress  Ratio  vs.  Axial 
Strain  3 

A. 1.3     Case  1   -  Effect  of  Poisson's  Ratio  on  the 

location  of  the  Cap  in  the  Jj^'^'^'^-Ii 

Space  and  on  the  q-p'  Diagram  4 

A. 2.1     Case  2   -  Effect  of  the  Compression  Index  on 

the  Principal  Stress  Difference  and 
Excess  Pore  Pressure  vs.  Axial  Strain  .,   5 

A. 2. 2     Case  2   -  Effect  of  the  Compression  Index  on 

the  Principal  Stress  Ratio  vs.  Axial 
Strain  6 

A. 2. 3     Case  2   -  Effect  of  the  Compression  Index  on 

location  of  the  Cap  in  the  ^^2^^^'^! 
Space  and  on  the  q-p'  Diagram 7 

A. 3.1     Case  3   -  Effect  of  the  Recompression  Index  on 

the  Principal  Stress  Difference  and 
Excess  Pore  Pressure  vs.  Axial  Strain  . .   8 

A. 3. 2     Case  3   -  Effect  of  the  Recompression  Index  on 

the  Principal  Stress  Ratio  vs.  Axial 
Strain  9 

A. 3. 3     Case  3   -  Effect  of  the  Recompression  Index  on 

location  of  the  Cap  in  the  J2^^^-1-x 
Space  and  on  the  q-p*  Diagram 10 

A. 4.1     Case  4   -  Effect  of  the  Pore  Pressure  Response 

Factor  on  the  Principal  Stress 
Difference  and  Excess  Pore  Pressure  vs. 
Axial  Strain  11 

A. 4. 2     Case  4   -  Effect  of  the  Pore  Pressure  Response 

Factor  on  the  Principal  Stress  Ratio  vs. 
Axial  Strain  12 

A. 4. 3     Case  4   -  Effect  of  the  Pore  Pressure  Response 

Factor  on  location  of  the  Cap  in  the 
Jj^-^^-I^  Space  and  on  the  q-p'  Diagram  ..  13 


11 
LIST  OF  FIGURES  cont'd 
Figure  Page 

A.  5.1     Case  5   -  Effect  of  the  Angle  of  Internal 

Friction  on  the  Principal  Stress 
Difference  and  Excess  Pore  Pressure  vs. 
Axial  Strain 14 

A. 5. 2     Case  5   -  Effect  of  the  Angle  of  Internal 

Friction  on  the  Principal  Stress  Ratio 

vs .  Axial  Strain  15 

A. 5. 3      Case  5   -  Effect  of  the  Angle  of  Internal 

Friction  on  location  of  the  Cap  in  the 
J2''''^^-Il  Space  and  on  the  q-p'  Diagram  ..  16 

A. 6.1     Case  6   -  Effect  of  the  Undrained  Shear  Strength 

Ratio  on  the  Principal  Stress 
Difference  and  Excess  Pore  Pressure  vs. 
Axial  Strain  17 

A. 6. 2     Case  6   -  Effect  of  the  Undrained  Shear  Strength 

Ratio  on  the  Principal  Stress  Ratio 
vs .  Axial  Strain  18 

A. 6. 3      Case  6   -  Effect  of  the  Undrained  Shear  Strength 

Ratio  on  location  of  the  Cap  in  the 
^2^^^'-^!   Space  and  on  the  q-p'  Diagram  ..  19 

A. 7.1     Case  7   -  Effect  of  the  Over-consolidation 

Ratio  on  the  Principal  Stress 
Difference  and  Excess  Pore  Pressure  vs. 
Axial  Strain  20 

A. 7. 2     Case  7   -  Effect  of  the  Over-consolidation 

Ratio  on  the  Principal  Stress  Ratio 

vs .  Axial  Strain  21 

A. 7. 3     Case  7   -  Effect  of  the  Over-consolidation 

Ratio  on  location  of  the  Cap  in  the 
J^2^^^~^i   Space  and  on  the  q-p'  Diagram  ..  22 


APPENDIX  A 
A.l  -  Case  1 


Qi 

a< 

a» 

(^ 

(Ti 

CJ^ 

(^ 

o  o>  in 

°  -*  CM 

G 

»* 

«* 

"S- 

T 

^ 

t 

O 

rH 

• 

rH 

iH 

« 

rH 

rH 

^r^c>; 

OT 

« 

H 

Eh 

01 

(K 

CN 

eg 

CN 

CN 

CN 

CN  rH  n 

CN 

5 

CO 

tN 

<N 

CN 

CN 

CN 

CN  CO  ■^ 

<N 

< 
0. 

S 

d 

o 

• 

o 

O 

d 

o  o  o 

O 

iJ 

Q 

O 

s 

X 

E-< 

-e- 

>* 

"d- 

"* 

•* 

cn  '*  o 

-* 

«* 

o 

(N 

fN 

CN 

CN 

iH  CN  fO 

CM 

CN 

M 

Eh 

W 

< 

J 

a 

a< 

«j: 

o 

a 

cs. 

o 

o 

o 

^^S 

o 

o 

O 

X 

i-H 

iH 

r-t 

rH 

rH 

rH 

Eh 

b 

O 

W 

M 

w 

X 

J 

< 

"S- 

^ 

a\  ^  \o 

'T 

-* 

•* 

«* 

2 

»H 

1" 

't 

rvj  Tj-  ix) 

't 

^ 

>* 

1- 

< 

!j 

o 

• 

o 

• 

o  o  o 

O 

o 

o 

O 

Sh 

o 

o 

o  o  o 

o 

o 

o 

o 

Eh 

H 

> 

M 

Eh 

M 

w 

z 

CN 

[~  <N  O 

<N 

CN 

CM 

CN 

CN 

r> 

^ 

O  1J3  "* 

vO 

v£) 

v£> 

VO 

lO 

o 

o 

o 

rH   iH  CN 

o  d  d 

d 

rH 

d 

rH 

d 

rH 

d 

rH 

d 

>H 

tf 

D 

W 

. 

in  o  in 

in 

in 

in 

in 

in 

in 

rH 

> 

rH   n    "S- 

t 

t 

>* 

»* 

'* 

^ 

•    •    • 

• 

• 

• 

• 

• 

• 

o  o  o 

o 

o 

o 

o 

o 

o 

O 

< 

Eh 

« 

K) 

Eh 

CO 

•j:  m  o 

<  OQ  U 

<  o  o 

<  o  o 

rt  o  u 

<  m  o 

<  m  u 

5 

< 

iH   rH    i-l 

<N  CN  fsl 

n  n  n 

■>*  «?  •* 

in  in  in 

vo  vo  kO 

r~  r~  r- 

2 

o 

04 

40 


Principal  Stress  Difference  vs.  Axial  Strain 


Observed  Response 
V  =  0.45 


10  15  20  25  30 

Axial  Strain  (%) 


35 


40 


Excess  Pore  Pressure  vs.  Axial  Strain 


CO 

Q, 


40 


35 


30 


0) 

u 

=■     25 

CO 

(X     20 


o 

a. 


15 


71 
CO 

X 


- 

"^ — ^^              Observed  Response 

...         If  -  n  A'^ 

/            i/  =  0.15 
/               1/  =  0,30 

1                      1                      1                      1                      1                      1                      1 

10  15  20  25 

Axial  Strain  (%) 


30 


35 


40 


Figure  A. 1.1  -  Effect  of  Poisson's  Ratio  on  the  Principal  Stress 

Difference  and  Excess  Pore  Pressure  vs.  Axial 
Strain 
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Figure  A. 1.2  -  Effect  of  Poisson's  Ratio  on  the  Principal  Stress 

Ratio  vs.  Axial  Strain 
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Figure  A. 1.3  -  Effect  of  Poisson's  Ratio  on  the  location  of  the 

Cap  in  the  ^2^^^'^!   Space  and  on  the  q-p'  Diagram 
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Figure  A. 2.1  -  Effect  of  the  Compression  Index  on  the  Principal 

Stress  Difference  and  Excess  Pore  Pressure  vs. 
Axial  Strain 
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Figure  A. 2. 2  -  Effect  of  the  Compression  Index  on  the  Principal 

Stress  Ratio  vs.  Axial  Strain 
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Figure  A. 2. 3  -  Effect  of  the  Compression  Index  on  location  of  the 

Cap  in  the  ^2^^^'^!   Space  and  on  the  q-p'  Diagram 
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Figure  A. 3.1  -  Effect  of  the  Recompression  Index  on  the  Principal 

Stress  Difference  and  Excess  Pore  Pressure  vs. 
Axial  Strain 
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Figure  A. 3. 2  -  Effect  of  the  Recompression  Index  on  the  Principal 
Stress  Ratio  vs.  Axial  Strain 
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A.  4    -   Case   4 
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Figure  A. 4.1  -  Effect  of  the  Pore  Pressure  Response  Factor  on  the 
Principal  Stress  Difference  and  Excess  Pore 
Pressure  vs.  Axial  Strain 
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Figure  A. 4. 2  -  Effect  of  the  Pore  Pressure  Response  Factor  on  the 
Principal  Stress  Ratio  vs.  Axial  Strain 
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A. 5    -   Case   5 
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Figure  A. 5.1  -  Effect  of  the  Angle  of  Internal  Friction  on  the 
Principal  Stress  Difference  and  Excess  Pore 
Pressure  vs.  Axial  Strain 
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Figure  A. 5. 2  -  Effect  of  the  Angle  of  Internal  Friction  on  the 
Principal  Stress  Ratio  vs.  Axial  Strain 
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Figure  A. 6.1  -  Effect  of  the  Undrained  Shear  Strength  Ratio  on 
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